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The research program proposed under ONR Contract No. 222(28) emphasizes
two basic problems: (1) a study of the possibilities of producing prophylactic
agents such as immune sers and vaccines against one of the vesicular viruses
of domestic enimals, vesicular exanthema of swine (VEV), and (2) a continuing
effort to characterize some of the fundamental properties of the viruses of
vesicular exanthema and vesicular stomatitis (VS).

Currently the major emphasis is being placed on detexmining the possibilitieé
of prophylactic agents for VEV; a problem too pressing to awvait complete
investigation of the fundamental properties of these viruses.

The greatest obstacle to the production of prophylactic agents is that the
host renge of VBV is limited to the definltive host, swine. This immediately
imposes restrictions on both the ability to produce and guantitate the virus,
and on the opportunity to test experimental prophylactic agente. The first
succesrful cultivation of VEV in tissue culture was reported from this laboratory
in 1954 (MeClain, Madin and Andriese 1954) thus indicating that such an approach
to the problem of production and quantitation of antigenic material was feasible,
and that the "bottleneck" of host specificity has been overcome.

This report has a three-fold purpose: (1) to present a complete review
of our knowledge of VEV written in cooperation with Dr. Jaccb Traum of the
United States Department of Agriculture, (2) to present the experimental problems
and results associated with tissue culture and (3) the behavior of VEV in this
host system.




PART I - VESICULAR EXANTHEMA (F SWINE

Vesiculaxr exanthema 1s an acute, febrile, infectlous virasl dipease of #wine,
characterized by the formatlion of vesicles on one or more parts of the body. The
parts moet commonly affected are the snout, lips, tongue, oral cavity, sole,
interdigital spaces, and the coronary band of the focot., Occasionally the udder
and teats of nursing sows become involved., Occult cases are occasionslly
ancountered.,

The course of the disease 1g usually about 1 to 2 weeks, the mortality is
less than 5 per cent, and recovery following uncomplicated virus infection is
somplete. The incubation pericd in both the natural and experimental disease
ugually varies from 24 to 72 hours, with extremes ranging from 12 hours to 12
days. ‘All ages &8 well as all breeds of swine appear to be susceptible,

Vesicular exanthema 1s of great economic importance since the disease
causes serious welght lcsses in fat hogs, slow gains in feeder stock, deaths
in suckling pigs, ebortions in pregnant sows, and impaired lactation in nursing
sows. In addition this condition is clinically indistinguishable from foot-and-.
mouth disease and vesicular stomatitis in swine, thus requiring expensive
quarantine procedures.

The natural disease has been reported only within the United States,

HISTORY

On 23 April 1932 a disease affliocting only swine gnd eclinicelly indistinguizh-

able from foot-and-mouth disease was reported on & ranch near Buena Park, Orange
County, Califcrnia., Quarantine and inspection of the entire area was immediately

instituted by State and Federal authorities. On 28 April, two additional ranches .

neay the original focus of infection were found to harbcr infected swine. Routine
inspection on 30 April showed that the disease was also present in Bellflower,

Los Angeles County, on two adjoining ranches, scme 15 miles distant from the Buens
Park foci. By 4 May the disease had spread to a third neighboring ranch and this
was the extent of the infection as it appesred in Los Angeles County. The in-
fection was then discovered on a ranch located about 2 miles noxrth of the original
Buena Park focus on 3 May, thus ending the spread of infection in Orange County.
Inspection of a ranch in San Bernardino County on 5 and 6 May showed the disease
to be present although separated by 40 to 50 miles from the other two foei. The
S8an Bernardino County infection was the last to be reported and represents the
extent of the 1932 outbreak. The disease was dilagnosed as foot-and-mouth dlsease
and all apimals directly asnd indirectly involved in the cutbreak were slaughtered
and buried, the premises washed with lye solution and all livestock was excluded
for 30 days. Indemmities of $203,328 for the loss of the 18,747 swine, L6 cattle
and 24 gosts were paid jointly by the State of California and the Federal Govern-
ment (Mohler and Snyder, 1933; Duckworth and White, 1943), '

The virus from the 1932 outbreak failed to induce lesions in 24 guinea pigs,
2 calves, 2 heifers, 1 adult cow, and 2 horges (Traum, 1934). On the basis of
the above tests the dilagnosis of foot-and-mouth disease was made even though
Traum (1933a) recognlzed that it was rather atypical. All virus collected during
the outbreak was ordered destroyed.




In March of 1933, a disease again restricted to swine and elinically similar
to the 1932 outbresk appeared n 8an Diego County, California, 100 miles distant
from the 1932 focl. The original focus and the iImmedlately adjoining ranch warea
both found infected on 20 March and the infection was reported from a third ranch
on 31 March and at a fourth ranch a few days later (Traum, 1933b). Virus from
this outbreak was collected and tested in a varilety of anlmals. Infection was
established in all of 15 swine, in 4 of O horses but in none of 7 oattle and
none of 37 guinem plgs (Treum 1934k), Simiiar results on a larger pumber of
animals were obtained by Mohler (1933a’ and Reppin and Pyl {1935). Chservers
of the animal teste, with experience in foot-and-mouth diseasse, saw no definite
points of clinleal difference between that disease in awlne and the one produced
by the San Diege virus. The sbove animal tests permitted no official disgnosis
although the slaughter and quarantine methods were again practiced. Idemnifl-
cation in the smount of $45,350 was made for the slaughter of 5,578 animals
(Mohler, 1933b; Duckworth and White, 1943).

Cross immunity tests against vesicular stomatitis virus (types Indisna and
New Jersey) and foot-and-mouth dlsease virus (types”A%*O¥%Y% showed that the San
Diego virus was immunclogically distinct from both these viruses. In comparing
the 1932 and 1933 outbreaks, it was noted that, "The true classification of the
virus causing the 1932 swine outbreak of foot-and-mouth llke disease must be
considered ag not having been definitely determined, even though a dlagnosis of
foot-and-mouth disease had been made and eradication cerried out accordingly.
It is believed, if more horses had been used in the tests, that lesions would
have been produced, thus meking the virus of 1932 and 1933 alike in every respect”
(Traum 1934). Following the 1933 outbreak a new disease of swine was recognized,
in the following statement, "Thus, we ere confronted by a veslcular disease in
‘swine, which 8o far has shown as much difference in experimental inoculations
and immunoclogical tests from both vesicular stomatitis and foot-and-mouth disease,
" a8 does foot-and-mouth disease from veslcular stomatitis and, although great
similarity exists between the viruses of vesicular stomatitis and foot-and-mouth
disease, we have been designating them ss separate diseases. It therefore seems
that with the information at hand the swine disease discussed above should be
recognized as a new entity. Veslcular exanthema of swine is suggested as a
name for this disease” (Traum 193k4).

In June .of 1934, 15 months after the San Diego outbreak of 1933, the disease
‘appeared on a garbage feeding hog ranch near San Jose, Californa, some 50C miles
distant from the San Diego foci (Duckworth 1953; Duckworth and White, 1943).
During the next 3 months the Infection spread over 5 v.unties in Central California
involving 27 ranches, and four ranches in Los Angeles and San Bernardino Counties,
400 miles to the South. A total of 31 premises and 95,000 hogs were affected.

All of the cases occurred on hog ranches practicing garbage feeding, and as had
been the case in the 1932-33 outbiesks, only swine were involved, Virus recovered
from this cutbreak regularly infected swine, Horses were only mildly susceptible,
whzrgas cattle znd guines plgs were completely refractory (Duckwork and White,
1943). '

] In the absence of indemnification, the original slaughter program was not
employed, but instead a rigld quarantine was imposed on infected premises untll
all evidence of the disease had disappeared. Trucks used for hauling garbage
were disinfected upon departure and steps were taken to insure that truck drivers
and ranch attendants did not contact other hog ranches or livestock premises
(Duckvwork and Wnite, 1943), '




In 1935 the disease reappesvoed on 4 of the premises infected in 1934 and
involved about 13,000 hoga. The disesve was relatively mild and the quarantine
meagures vere again lmposed,

In 1936 the dilpease struck first on 8 April in San Diego County on one ranch
and infected approximately 90 per cent of the animals (Duckworth, 1953). The
infectlcon did not spread to neilghboring ranches but Iinstead, on 24 April appesred
in the Ban Francisco Bay Area, 500 miles north of Ban Diego. By 20 June, 13
more or less wldely separated premises were involved (Duckworth, 1953).

No cases were reported from 20 June 1936 until 4 December 1939, despite the
fact that regular inspection of garbage feeding hog ranches was carried out. ILoa
Angeles County with the largest hog population in the state had been free of the
diseagz for 6 years prior to March 1940 (Hurt, 1940 - 1941).

On 4 December 1939, an outbreak of vesicular exanthema was found on one
garbage feedilng hog ranch in San Mateo County. An immediaste and rigid quarantine
wog imposed on the infected area. Slaughterers, commisslion firms, and stcekyard
officials were ordered not to accept shipments of hogs from the infected area,
This economic quarantine was relaxed only when a definite diagnosle had been made,
and then only swine coming from non-infected premises could be slaughtered. In
addition all hogs golng to slaughter from the ares were individually examined
(Duckworth and White, 1943; Duckworth, 1953).

In spite of all the quarantine efforts, 223,000 hogs, on 123 premises, located
in 25 counties became infected., Within 6 months, one-fourth of the state's hog
population was involved.

From June to October of 1940 there was a respite from the disease, but on
5 October 1940, the virus reappeared in 12 counties in the Central portion of the
state and in December of 1940, appeared in Los Angeles County, involving 57
premises and 54,250 additicnal swine. During the year 1940, 277,250 swine on
169 premises were infected. The 1940 outbreak was noted for the severity of the
disease, and by the fact that 7 of the foci were grain feeding ranches, and one
was, & stockyard, marking the first time that infections were observed on non-
garbage ferding premises (Duckworth, 1953).

After 1940 the recording of individual outbreaks was discontinued, in lieu of
which the total number of outbreaks for sny one calendar year was substituted.
Since 1940 the disease has recurred each year. The number of swine infected have
varied from 439,876 head in 1944 to 84,442 head in 1951. '

Table 1 modified from Duckworth (1953) shows the number of outbreaks, their
place of origin and the number of swine involved per year for the first 20 year
period, (1932 to 1952). Figure 1 shows the counties involved in the epizootioclogy.

In 1048 end again in 1949, the virus appeared in a number of swine being
shipped to the port of Honclulu. These animals had been losded fram California
ports, and, it is assumed, had come in contact with the virus prior to or during
shipment. Prompt quarantine and slaughter before reaching Hawaii prevented the -
gpread of the disease to the Hawalisn mainland. No outbreaks have ever been
reported in Hawaii.
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On 16 June 1952 vedicular exanthema appeared at a plant, manufacturing
blologles in Grand Island, Nebraska., The source of this infectlon was traced
to Cheyenne, Wyoming, where hogs had been fed garbage from transcontinental
trains whose point of origin was California, It 1s assumed that contaminated
pork scraps were the source of the virus. Prior to detecting the digease at
Grand Island, some of the hogs were shlpped to the Omaha stockyards, where
they were in turn resold. In this manner the disease lmmediately fanned out
and by 29 July, Just 43 days after discovery of the disease in Nebraska, 19
states were placed under Federal quarantine for vesicular exanthema. On
1 August 1952, a state of emergency was declared by the Secretary of Agriculture,
thus providing Pederal support for an active eradication program including
slaughter and payment of indemnities where such were deemed necesssry (simms,

1953).

From June of 1952 to September of 1953.a total of Lo gstates and the Distriect
of Columbia had experienced the disease (Mulhern, 1953). FPigure 2 shows the
numbers of infected-exposed swine from the period June 1952 to February 195k,

The states of California and New Jersey are not included in these totals since

the disease has become estabished in the raw garbage feeding areas of these states,
Thus from ite initlal appearance in 1932 and its apparent confinement to the

state of California for 20 years, veslcular exenthema 1s now in a position to
menace the swine industry of the entire natlion to an extent that can only be
aspessed with the passage of time,

CLINICAL PICTURE

Vesicular exanthema is clinically indistinguishable in swine from either
foot-and-mouth disease or vesicular stomatitis (Traum, 193); British Report,
1937). The incubation period in both natural and experimentsl vesicular
exanthema usually varies from 24 to 72 hours, with extremes from 12 hours to
12 days (Madin and Traum, 1953).

The introduction of virus into susceptible swine usvally produces vesicles
on the snout, lips, tongue and mucosae of the oral cavity and on the sole,
interdigital spaces and coronary band of the foot. 0:casionally lesions may
appear on the teats, particularly of nursing sows (Traum, 1936; Hurt, 1940-19L41),
and on the skin covering the metacarpus and metatarsus (British Report, 1937).
Incculation of the virus intradermally into the snout and or mucosae of the
oral cavity by needle or scarifiecation usually produces the classical picture,
first the "primary" lesions at the site of inocustion in 12 to 48 hours and
then “secondary" lesions elsewhere 48 to 72 hours later. Inoculation of the
virus via the subcutaneous, intramuscular or intravenous —outes is usually
followed by the appearance of vesicles at any of the susceptible sites within
34 1o 96 hours after inoculation.

In the typical cage a diphasic symptometology results. In phase 1, lasting
from 48 to 72 hours, there ie a characteristic rise in tempersture (figure 3),
and the appearance of primary vesicles which is usually associated with
ancrexla and listlessness. The primary vasizles consist of blanched, raised
areas of epithelium varying from 5 to 30 mm in diameter end raised to 10 to 20
mn 1in height end filled with e serous fluid rich in virus. Such vesicles




resemble the "blister"formation accompanying burns or excessive dermal friction.
Primary vesicles follow along the original paths made by the inoculating needle.
The epithelial coverings may "1ift" with the slightest pressure revealing a raw,
bleeding and exceedingly sensltive corium which 1s asubsequently covered by a
yellowish fibrinous membrana (Traum, 1936; Crawford, 1937 and British Report,

1937).

The primary lesions usually spread to involve the adJjacent mucosa of the lips
and cheeks. This spread is probably derived from virus liberated from the primary
vesicles, as new lesions often follow the path taken by fluid escaping from
ruptured veslicles, The subcutaneous tissues of the snout and tongue may hecome
hyperemic and swollen, and are sensitive to pressure. As a result the snout may
appear bulbous and the swelling of the tongue lead to attacks of slobbering
(Burt, 19%0-1941). Phese 1 is almost invarlably accompanied by serlous tempersture
changes which occasionally are as high as 108 F (White, 1940) but more commonly
between 105 to 106 F. The end 3f phase 1 1s usually signified by a decline in
temperature and rupture of the "primary" vesicles,

Pnape 2 is ushered in by the formstlion of "secondary" vesicles on the sole
of the foot, between the interdigital spaces, and at the junction of the epi-
thelium and nail of the foot (corcnary band). In all probability phase 2
represents the end of the incubation period of the viremia. The initial appearance
of foot lesions 1s usually indicated by a characteristic hesitant gait, deseribed
by field veterinarians as "ouchy". The animal may continue to walk in this halt-
ing fashion, or may simply refuse tc move until the pain and swelling have
decreased. In severs attacks an edematous swelling of the legs and Jjoints may
be present. Phase 2 usually lasts for 24 to 72 hours foll!owing phase 1 and is
terminated by the rupture of the secondary vesicles, a subsidence of pein and
the gradual resumption of normal living habits. During both phases; 1 and 2,
the animal mey refuse focd and this coupled with the severe pyrexia literally
"melts" the weight from market animals.,

Recovery of uncomplicated cases is usually prompt and with sequellae. The
healing of very severe foot lesions may result in the formation of nodules of
granulation tissue which grise from the sole of the foot prior to replacement
by the normal epithelium. Pyogenic bacteria may gein entrance through the
damaged eplithelium and cause severe and even fatal secondary infections. A
certain proportion of cases lose the hoofs of the infected feet and replacement
may take from 1 to 3 months during which time the animal may be partially lame
and is constantly subject to secondary bacterial invaders. It is of interest
to note that the Junction of the old and new nail is marked by a dark brown or
black line, rendering a diagnosis of vesicular exanthema infection probable
even though all acute symptoms have disappeared.

In addition to the above symptoms, severe attacks of diarrhea accompanying
the infection, an apparent increase in the abortion rate of infected sows and a
general drop im milk production in lactating sows were reported by Hurt (1940-
1941). Wictor and Cosle {1938) and Mott, Patterson, Songer and Hopkins 51953)
noted tnat a mild infzction may be wissed completely, thus ylelding a source of
"occult cases".




PATHOLOCGIC PICTURE

lesions directly attributable to the virus, other than veslole formation
have not been described. Histologlically the vesicle consists of a cirenlar avea,
"eaten" ocut of the stratum malpighii (figures 4 through 7). The center of the
ares is usually devoid of anything but celluler debrls and serocus fluid. The
first series of cells lining the area usually show cytoplasmic degeneration with
pyknotic nuclei and even karycrrhexis, Cells further from the center show a

.'ballooning of the cytoplasm, a marked stretching of the intracellular bridges

and considerable intercellular edema, bordering on spongloslips. There may be a faw
normal epithelial cells surrounding the region of edema, but usually one vesicle
tends qulckly to blend into another. The subcutaneous connective tissues show
acute inflammatory changes cheracterized by congestion, edema, hemorrhage and
polymorphonuciear infiltration, In some cases where the integrity of the base-
ment membrane has been disturbed some of the cellular elemente "spill over" into
the stratum malpighii (Madin, 1954 a). Ineclusion bodies have not been reported.

The pathology described above 1s very similar to that described by Chow,
Hanson and MeNutt (1951) for vesicular stomatitis, and by Frenkel (1949) for foot-
and-mouth disease,

EXPERIMENTAL HOST RANGE

' Vesicular exanthems virus shows a marked predisposition to porcine epithelium
and an almost equal indisposition to the tissues of other speciles.

Traum (1934) was the first to study the host range of the virus when he
showed in the original outbreak of 1932 that inoculation of material into guinea
pigs, swine and a limited number of cattle and horses produced lesions only in
swine. In the 1933 outbreak inoculetion of these same species provided con-
sistent "takes" only in swine with mild reaction in % of 9 horses. These
findings were confirmed by Reppin and Pyl (1935) and Mohler (1933a) and they
further indicated that the norse was easier to infect than previously suspected.
Sravford (1937) isolated U4 strains of the virus,"s’“B! "C* and"D*and found that
while all 4 were infectiocus for swine, only types"B"and *D"were infectious for

‘the horse. Crawford sttempted to passage the virus to sheep, gosts, guinea pigs,

white rats, white mice and hedgehogs and found that none of the 4 strains pro-
duced any visible reaction in these specles, The British Workers (1937) working
with one strain {unspecified) were able to infect swine, but not horses, cattle,
sheep, goats, guinea plgs, rats (Rattus norveiicus) and hedgehogs. Medin and
Traum (1953) reported negative results with the chick embryo, rabbit, and several
straine of adult and suckling mice including the agouti, C57 black, hybrid black
and Nemru. Man is not susceptible.

Madin and Traum (1953) reported that the hamster could be infected with
the 1940“A%and "B”strains if the inoculations were made intradermally over.the
abdomen., Relisble and clear cut veslcles were formed at the site of inoculstion
within 24 hours and were accompanied by a significant pyrexia. The vesicles
ruptured shortly after formation, and no further reactions were wvisible. Inocu-
lation of hamsters with the current 1948"4"and 1951"B"strains gave completely
negative results. It 1s presumed that sufficient differences exist among the
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various strains of the virus, as has already been indicated by Crawford (1937)

to account for the alternate fallures and successes with thiz particular host.

The current atatus of our knowledge regarding the hamster indicates that 1t does
not represent a rellsble small laborstory animal for this virus. In addition to
the above Madia (1954 a) has falled to infect the white rat and guinea pig with
the 1948°A and the 1951 B strains, although complement fixing antibodles are’
produced in the guinea pig. The ferret has also besn found refractoary.

Brooksby (1954) hae reported negative results with strains 1934 B and 1943 101

in suckling and young adult white mice. Barkowski and Wood (1953) found that

dogs were irregularly susceptible to types 1948 A, 1951 B and 1952 ¢. Intradermal
lingual inoculstion produced mild leslons at the points of lnoculation, character-
ized by erosion of the epithelium, blanching and extension. The virus was re-
covered from the spleen of one febrile but not from two afebrile animals., The

lack of m rellable laboratory host for this disease means that all work must

ba done. in swine, and explains In part why, after approximately 20 years of work
with this virus, so little is known about 1t.

The limited host range prompted investigatlons in the fleld of tissue
culture. McClain, Medin and Andriese (195L4) reported the first successful
cultivation of vesicular exanthema virus. These authors showed that strain
1951 B could be propasgated on embryonic swine skin and that cytopathogenic
effects were produced. Subsequent to this Madin and MeClain (1954) have
succeesfully propagated the virus on monoleyer cultures of sdult swine kidney
and testicle following the general method used by Dulbecco and Vogt (1954)
and Youngner (1954), for the propagation of policmyelitis virus, These initiel
efforts in this field have made possible expanded research on vesicular exan-
thema virus, since for the first time, an experimental host other than live
swine 1s available. '

ETIOLOGY

, Flltration of infectious ground vesicle covering material through
gradacol menbranes showed that the virus 1s capable of passing membranes of

4 my average pcre dismeter (APD) but not 39 mu APD, The size of the wvirus

is calculated to be from 13 to 20 mu (Madin and Traum, 1953). Brooksby (1954)
reported that the 1934 B and the 1943 101 strains passed gradacol membranes

of 110 my and 70 mu (APD) but not 37 mu (APD). The virus has been preserved
for ae long as two and one-half years at ordinary refrigerator temperatures in
the form of unground vesicle coverings stored in 50 per cent glycerine phos-
phate buffer. It will retain its infectivity for 8s long as six weeks at room

‘temperature, when diluted 1-10 in 1 per cent ordinary peptone solution, énd

will survive for at least 24 hours at 37 C in Sorensen's buffer. Storage at
=10 C 18 routinely used (Madin and Traum 1953).

In a serles of feeding experiments Mott, Patterson, Songer, and Hopkins
(1953) showed that infected meat scraps were infectious after storsge at 7 C

.for 4 weeks and at ~70 C for 18 weeks. Traum and White (1941) placed infected
 vesicle coverings inside the bone marrow cavity of both cured and fresh hams,

then refrigerated both overnight. Both hams were then "cooked™ at 184 F

under 10 1bs steam pressure for 10 minutes in a garbage cocker. When the
vegicle material was recovered, ground, and inceculated into test swine, 1%
proved to be highly infectious. In certain cases where viral suspensions

7




have lost their infectivity, Madin end Traum {(1953) found it possidble to
"reactivate" them by the addition of 1-1000 cysteine monohydrochloride to the
virus suspension. The minimum period necessary to "reactivate” was found to
be 8 days, and once "reactivated" remained so over the longest period tested,
262 days. Both Msdin and Traum (19%3) and Mott, Patterson, Songer and Hopkins
(1953) found fresh 2 per eent lye solution a practical disinfectant,

The existence of a plurality of virus types was proved by Crawford (1937)
through hie work with a series of virus collections made in 1933 and 193k4.
Four immunological types 'A’) "BY 't/ and"D¥were found based on cross lmmunity tests
in swine., Two of the types,"B’and"D,’ were found to be infecticus for swine only,
while the other two/A'and’C,/were infectious for both horses snd swine. BSome
differences 1n the severity of elinical symptoms were noted, for example, both
the "B’ snd "D"types caused more. severe reactions than either the”A’ or’C! 'In
194042, three immunologically distinet types were recovered in California and
were subsequently lost. Conlrary to the report however by Madin and Traum (1953)
to the effect that all of the types prior to 1948 were lost, two are still avail-
able, the 1934 B of Crawford and the 1943, 10l strain collected by Traum
(Brocksby, 1954). In December of 1948 Mudin and Traum (1953) isclated the
1948 A, in 1952 Bankowski reported the isoclation of the 1951 B and agaln in
1952 the 1952 C and in 1953 the 1953 D (Bankowski et al. 1952, 1953, 1954).
Broocksby (1954) has recently compared the first five of these strains and has
found them to be distinct antigerniec types. '

Complement fixation and serum nentralization tests corroborate the
immunological identity of the types. Bankowski, Wichmann and Kummer (1953)

' nave demonstrated that the types can be separated by complement fixation even
though they did encounter some cross.reactivity. Brooksby (1954) using their
method has confirmed these results., McClain, Mudin and Andriese (195!) using
a different complement fixation technique were also able to separate the “AYand
*B"types. Specific serum neutralization, as obeerved by the failure of the virve
to produce cytopathogenic effects in tissue culture in the presence of homologous
?erullz:S can also be used to differentiate the types (MeClain, Madin and Andriese’

1954%).

Vesicular exanthema virus produces a viremia which apparently accounts for
the formation of the "secondary vesicles". Thus, the virus may be recovered
fram the blood prior to 72 hours, while the spleen ie positive up to 48 hours
@qain and Traum (1953). In a larger series of experiments Mott, Patterson,
Songer and Hopkins (1953) slaughtered a group of inoculated swine approximately
6 hours prior to the development of the vesicles {30 hours after inoculation).
Feeding experiments in swine using feet and snout, spleen, crushed bone, whole
blood, lymph glands, viscera and muscle, resulted in the production of clinical
vesicular exanthemsa. Animals which had been fed feces and urine failed to
develop a clinical infection. In the feces-fed group however both test swine
were immune to subsequent rechallenge, thus indicating thst sufficient virus -
had been present to immunize these animals. It would appear that the virus
quickly becomes widespread throughout the hog's body. Mott, Patterson, Songer
and Hopkins (1953) reported that the time of lesion development varied with the
tissue fed, and concluded that this time variation was related to the amount of
virus availaeble to the test animal. For example, the group fed feet and snout
material developed lesions in 40 hours, those fed spleen or crushed bone in
22 hours, whole blood or lymph glands in 96 hours, viscera or muscle only after

days,
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The ID5p of fresh veslcle covering material has been shown to be 1 x 10'5'3
(Mott, Patterson, Songer and Hopkins, 1953) which is in close agreement with the
figure of 1 x 107" guggested by Madin and Traum (1953)., Comparative titrations
by verious methods of exposure with infected vesicle covering materiel or in-
fected defibrinated blood indicated that it takes 10 to 100 intradermal-snout
MID's to make one intravenous or subcutanecus MID and 100 to 1000 intradermml
snout MID's to make ore MID via the oral route, ffott, Patterson, Songer and
Hopkins (1953). These same suthors noted that when a susceptible animal is
exposed tc small quantities of virus an occult case of the disease, with
subsequent immunity frequently develops.

DIAGNOSIS

The diaznosis of & vesicular disease is not difficult, since the clinical
signs of pyrexia, vesiculation and lameness are almost invarlebly present.. . The
similarity of the <linical syndrone produced by vesicular exanthema, vesicular

_stamatitis, and foot-and-mouth disease makes the differential diagnosis of a
vesicular disease difficult. This clinical similarity is further complicated
when the outbreak occurs in swine, since this animal is susceptible to all
three viruses.

The present method of differentinting among vesicular exanthema, vesicular
stomatitis, and foot-and-mouth disease depends on the differential susceptibility
of vgrious test animals. This system is illustrated by table 2 modified from
Madin and Traum (1953). Similar schemes have been advanced by Traum (1934)
Crawford (1937) ard Bankowski {1954), but essentially all are the same and in-
volve the inoculation of different routes of one or more cattle, horses, guinea
pigs, and known susceptible swine with virus obtained from the outbreak in
question.

The weakness of this system has been pointed out by Madin and Traum (1953),
"This system of animal inoculation is satisfactory as long as live virus is
available, speed is not critical, typing of the individual virus is not required,
and & new vesicular disease has not arisen”, This weakness was clearly illus-
trated in the initial outbresks of vesicular exanthema in 1932-33, when the
investigetors found such a system of diagnosis inadequate for reaching a clear
cut decision. Because of the drawbacks to the animal inoculation system the -
investigation of serological methods has received attention. In 1953 Bankowski,
Wichmann and Kummer (1953) annowiced the development of a complement fixation
test capable o identifying and differentiating the antigenic tyves of
vesicular exanthema virus. This test employes as antigen, vesicle=covering
material obtained from an outbreak, hyperimmune swine serum,,and guinea pig
complement. The rest of the reagents are standard. It was found that a certain
degree of "cross reactivity" among types required that each serum be titrated <
with hamologous antigen to determine the maximum amount of hyperimmune serum
vhich specifically reacted with the homologous virus in the absence of cross
fixation witnu any of the other types of vesicular exanthems virus. In addition
the high "procomplementary” activiiy of swine serum was controlled by the
titration of complement in the presence of normel swine serum and each antigen
employed in the test. Brooksby (1954) has modified this technique by the
addition of sodium polyanetholesulphonate to the swine eomplement to destroy the
third component, (03) and thus destroy the complement enhancing effect of swine
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serum, These initial attempts at complement fixation have seen preliminary
trials in the field, particularly the test of Bankowski, Wichmann and Kummer
(1953) and have proven of considerable diagnostic aid in the identification
'of vesicular exanthema virus types (Benkowski, 1954).

Serum neutralization tests have been briefly desceribed by McClain, Madin
and Andriese (1954) using tissue culture of embryonic swine skin as a test
host, but such a system 1s as yet in its earliest developmental stage. Hem-
agglutination has been unsuccessfully employed by Madin and Traum (1953).

TREATMENT

There is no known treatment for this disease, Certaln precautions

of a palliative nature may be taken, which will tend to reduce the economic
losses from this infection. Weight losses can be reduced if infected animals
are placed on soft foods or slops entirely, if they are taken off concrete or
similar hard surfaces, and if adequate amounts of clean water are kept before
them at all times, Clinically 111 animals should be kept under shaded con-
ditions, as the pyrexis coupled with the extremse reluctance to move, makes
them susceptible to blistering and sunstroke.

Where infected animals must be maintained in crowded quarters such as
during rail shipment, ir fzed lots, or in slaughter houses, secondary bacterial
complications may be markedly reduced by the judicious administration of
penicillin and streptomycin. :

EPIDEMIOLOGY

Vesicular exanthema is known to be spread by at least two methods, direct
contact and the feeding of raw garbage.  These two routes of infection can
account for the vast majority of the outbreaks, but do not clearly do so for
the initial outbreak in 1932 and 1933, and the subsequent epizootics in 1934
and 1939.

. Direct contact includes for purposes of this discussion contact with
contaminated feed, water and fomites as well as contact with infected animals
within the hog's particuler envirommert. It should be pointed out that as a
group swine live in most intimate contact, and the exchange of disease agents
by either immediate or mediate contact occurs constantly. This may be the
reascn that vesicular exanthema shows no particular seasonal incidence,
inasmuch as the enviromment suitable to it is reasonably constant.

The work of Mott, Pattersom, Songer and Hopkins (1953) is of particular
interest in the matter of direct and indirect contact infection. In their
experiments a series of susceptible swine were brought into direct contact
with donor animals which had been inoculated at 12, 24, 36, 48, 72, 96, 120,

- 144, 192, 2LO and 288 hours previously. They found that the susceptible or
reciplent animals contracted the disease from pigs inoculated through 120
hours but not after that time. It wes reasoned that such donor animals

ceased the excretion of virus at about 120 hours after inoculation. To prove’
this assumption two donor animals were placed in contact with two normal swine
in » clean pen for 12 hours. After 12 hours the two donors weraz withdrawn and
placed in a pen with two other rec:zipic-is. The process was repeated at 2k, 36,
72, 96, 144 and 192 hours after inoculation of the donor animals. In each pen
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one of the recipient .animals wae scarifiad on the snout and feet prior to

the introduction of the infected swine, The donor animals showed clinical
vesicular exanthems 48 hours after inoculation. The results showed that the
reciplient animals were positive in the 2, 36, 48, 72 and 96 hour trials, but
not in the 12, 144 and 192 hour groups. This data indicated that prior to 2h
hours virus was not eliminated by the donor animals, but began shortly after and
continued until 96 to 14k hours after inoculation, To determine the extent of
environmental exposure possible, two normal contacts were placed in each of 8
infected pens at 0, 24, 48, 72, 96, 120, 14k and 168 hours after removal of

the infected swine. In the 72 hour group one of the normal contacts developed
lesions. Subsequently it wes shown by challenge with live virus that both
animals in the 72 hour group had been exposed to the virus, and cne in the gzero
bour group. This erratic pattern of indirect exposure was similar to that
found by Crawford (1937).

From the earliest outbresks until the present it has been noted that
the percentage of hogs infected on any given premises or within any given
group varies considerably with the outbreak in question (Hurt 1940~41;
Duckworth 1953). In some cases only a small percentage or only certain pens

"or lots would be involved, where as in others nearly 100 per cent would be

involved. The reason for such variation had previously been given as a
reflection of the virulence of the virus. The experimental data of Mott,
Patterson, Songer and Hopkins {1953) g¢oncerning the infectiousness in time
of the donor animal indicate that it may be the dominant factor in spread
by direct contact.

What then is the role of raw garbage as a vehicie of spread? Duck-
worth (1953) has accused this vector in the following words, "Raw garbage is
‘the source of veslcular exanthema"., By this he meant that the evldence
gathered over a 20 yesr period and shown in table 1 indicated that the feeding of
raw garbage was the principle vector in the spread and continuation of this
‘disease. - Mulhern (1953) has reported that almost all of the outbreasks occurring
after the 1952 "escape" of the virus from the confines of California have either
had direct or indirect connection with garbage feeding establishments. The link
between raw garbage and the virus 1s supposedly infected pork scraps which act
as a reservoir of the disease,(Duckworth and White 1943).. This hypothesis "
gains thecretical support from the feeding experiments conducted by Mott,
Patterson, Songer and Hopkins (1953) and from the studies on the survival of
the virus by Traum and White (194%1) described earlier in this review. There
appears to be no reason to assume from these experiments that the virus
could not survive in an infected carcass and eventually find its way back to
susceptible swine through raw gerbage, Whersas this mode of spread explains
many of the outbreaks,it does not necessarily explain all of them, for ex-
ample, the 1932 outbreak. In this case no disease such as vesicular exanthema,
excepting foot-and-mouth disease, had ever been reported as occurring in swine.
It is particularly significant to recell that California had experienced foot-
and-mouth disease in 1924-25 end again in 1929 and that all regulatory officials
were peculisrly attuned to "a vepicular disease outbreak". We can be reasonably
certain that the 1932 outbreak was the first to occur and had its origin in one
of the areas described earlier in this review. From the evlidence avallable at
that time and from a subsequent review of this evidence the outbreak ih two of
the areas, Orange and Los Angeles Counties, was not related to the outbreak - in
San Bernardino County. Thus two separate foci were apparently present .aimost
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simultanecusly. The ranches in Orange and Los Angeles Counties, obtalned
their gerbsge only from domestie sources by contract. The San Bernardino
County premises could possibly have purchased garbage from a foreign ship
through a contract with the City of Long Beach, but 1t.1s highly doubtrul
that any significant smount of such garbage found its way to the hog ranches,
In this respect it is lmportant to note that since the 1929 outbreak of foot-
and-mouth dlsease, a regulation had been in effect that all ships were for-
bidden to bring garbage into ports.

One year later the second outbhresk occurred, this time 100 miles
south of the 1932 occurrence but again on & garbage feeding hog ranch., Was
there a link Letween the 1932-33 outbreeks? The only assoclation outside of
raw garbage ves the fact that one of the ranches involved in both the 1932-33
outbreaks was owned by the sam~ family. There is no evidence however that
man had been insturmental in transmitting the disease in 1933, As near as
could be ascertained the 1933 outbreak was a distinet and separate outbreak,
similar in meny respects to the 1532 occurrence. In 1934 the third outbreak
occurred, again on a garbage feeding hog ranch 500 miles distant from the
1932-33 focl., In discussing the 1934 outbreak, Duckworth (1953) pointed out
that, "It is inconcelvable that infective material of any kind could have
carried over from either of the two earlier outbresks and found its way into
a swine herd 500 miles distant 15 to 26 months later®™, There is also the fact
to be remembered that all of the animals in the 1932-33 epldemic were slaughtered
and buried and therefore none of these carcasses found thelr way into the normal
trade ¢hannels. Thus it would appear that the 1934 epidemic represented yet
another separate and distinct focus,

One of the most curious facets of this disease occurred between 20 June
1936 and 4 December 1939 when the frank infection disappeared. Surely, if
raw garbage were the only mode of transmission there were enough swine
products theoretically containing virus in the normal trade channels, since
from 1934 to 1936 a8 total of 127,000 infected animsls had gone to the
slaughter houses in the state., Certainly the practice of feeding raw garbage
did not disappear during this intervsl. Why then did no outbreaks occur?
It would appear possible that nelther direct contact nor raw garbage con-
gtitutes the whole story as to the spread and maintenance of this disease.
The solution of the epidemiologicael question propounded by veslcular exanthems
virus may ultimately be found along the line suggested by Shope (1954) in
that vesicular exanthema is primarily a disease of some "wild" animal and that
the domestic swine just happens to be mutually susceptible. Hog ranches which
feed raw garbage may serve as & food source for such a wild reservoir and in
the course of these events swine are brought into sultable contact with the
infection., Such a thecry could explain the appearance of the disease at
wldely scattered points, but it leaves one to ponder why it had not occurred
.before 1932 inasmuch as the swine practices current then had been in vogue
for many years. At present all that can be concluded is that our epidemiolog-
ical knowledge concerning this disesse i8 too scant to permit a ready answer
to the questions of the origin of this virus, and its complete mode of spread.
We can acknowledge however that vesicular exanthema represents one of the most
intriguing epidemiological problems in veterinary medicine,




CONTROL

Methods for adequately controlling this disease have yet to be found,
based on the experience in California. Whether such a statement is spplicable
to efforts to control the disease on a national scale cannot be determined at
this time,

Two methods of control have been used in California: eradication and
guarantine. In 1932 and 1933, the time honored methods of slaughter and
thorough clean-up so successfullv employed agalnst foot-and-mouth disease in
this country were applied (fraum 1934), and the disemse reappeared in 193k,

400 to 500 miles distant from the first two foci, In 1934 slaughter measures
were ebandoned and a quarantine of infected ranches was imposed instead (Duck-
worth and White 19%3). The guarantine consisted of embargoes against moving
swine from infected premises until all signs of the disease had disappeared.

In addition, the movements of wehicles and men were controlled to minimize the
pogsibility of spread by this route. After quarantine had been imposed a differ-
ential diagnosis between foot-and-mouth disease, vesicular stomatitis, end vesicular:
exanthema was made. In stockyards under quarantine affected hogs are released 4
for slasughter in accordance with the meat inspection regulations in terms of the
differential diagnosis. Duckworth (1953) has questioned the value of restrictive |
‘quarantine, slaughter and disinfection in California and concluded that these ﬁ
methods of eradication were not likely to succeed unless the disease was )
attacked at its source. He felt that the California quarantine, which at times ?

was quite rigid failed to control the spread of the infection.

In place of the rigid quarantine which has failed to halt the disease
in California Duckworth (1953) Mulhern (1953) Shope, Sussmsn and Hendershot {1952)
have recommended the cessation ur feeding raw garbage to swine. It is generally
agreed that measures less restrictive than this will fail to control the disease
at elther the local or national level.

The prevalence of the practice of feeding raw garbage to swine is very
difficult to assess sinee no reliable figures are available on & nationwide
basis (Haldman, Steele and VanDerweker, 1953). In 1939 a survey of all cities
with populations over 10,000 was conducted by Wright (1943). Replies were
recieved from T64 or 79.3 per cent of 964 such cities. The replies indicated
that a total of 296 cities disposed of their garbage entirely by feeding it to
swine while an additional 107 cities disposed of part of thelr garbage in this
manner., Thus, & total of 403 or 52.7 per cent of the 764 clties replying dis-
posed of muniecipal garbage in part by feeding it to swine. In Maryland, Heyl
(1949) found 17 out of 88 communities (20 per cent) fed raw garbage to hogs. f
Helper (1947) reported that 66 of 168 communities in Michigen or 33 per cent §
were using this method to some degree. Snyder (1949) conducted a survey of
153 cities having a population of 10,000 or over and found only 19 (12 per Lent)
using hog feeding as a method of garbagn disposal. Rawm (1950) estimated that
31 per cent of all cities in the United States with populations in excess of
5,000 disposed of garbage wholly or in part by feeding i1t to hogs.
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Estimates as to the total number of hogs fed on raw garbage vary but
probebly do not exceed 1,000,000 or L.5 per cent of the total hog population.
Unfortunately, this practice is one that is concentrated along the North
Atlantic seaboard states and California, In the lalter area approximately
40 per cent of all slughter hogs raised in the state are fed garbage (Sullivan,
Maharg and Hughes 1950). This concentration wouid permit potential establish-
ment of the diseas2 on a more or less permanent basis and continually menaces
the remainder of the hog population with a reservoir of the infection.

The control of raw garbage as 8 disease vector requires legislative
action in the various states. This is well illustrated by the events following
the outbreak of vesicular exanthemas in 1952 wherein numercus state leglslatures
began the preparation of bills requiring the cooking of garbage prior to its -
use as hog food. Table 3 shows the status of such legislation in each of the
states, and 1t indicates that 33 states have now passed legislation regulating
raw garbage, 6 have existing regulations, 5 have defeated such measures, and
3 have taken no action. How effectively such legislation will be enforced in
controlling garbage borne diseases, and vesicular exanthema in particular, now
remains to be seen. It 1s rather interesting that the two states which have
perhaps suffered most from vesicular exanthema, California and New Jersey,
defeated outright legislation.

In addition to adequate control of raw garbage, two other control measures
remaln to be developed. Passive immunization by means of an immune serum has
been described by Madin (1954 b and ¢) and appears to be effective against two
of the antigenic types to. fram 2 to 3 weeks, Such a product should aid in
preventing "breaks" dauring shipment of animals. It should also reduce the
amount of infected pork getting back into raw garbage inasmuch as “cleen"
hoggé could then be assured of reaching the slaughterhouse floor free from the
disease. The serum should also De of benefit to the Tarmer in reducing ex-
pensive losses in baby pigs, pregnant sows and feeder stock.

The third vrocedure is active immunization ageinst the infection.
Madin and Traum (1953) reported that preliminary trials with a formalinized
vaccine made from infected epithelial coverings protected swine for at least
six months against direct intrsdermal challenge of the homologous strain. They
also remarked that such & vaccine would not be commercilally feasible until a
method of producing antigenic materisl in guantity was available. The report
by McClain, Madin and Andriese (1954) of the successful cultivation of the
virus in tissue culture indicates that a vaccine may ultimately be sdded to
the armamentarium of the regulatory official. The prophylactic use of immune
gsera and vacclnes would have toc take into account the existance of the
plurality of antigenic types., While this complicates the problem of pro-
thylaxsls it does not constitute an insurmountable cbstacle. Thus, in the
not too distant future s cormbinaticn of intelligent and enforcible legislation
against the feeding of raw garbage, accompanied by the judicious use of pro-
phylactic agents when avallable may ultimately make vecicular exanthema a
manageable dilsease.
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PART II. THE IN VITRO CULTIVATION OF ADULT SWINE TISSUE

The announcement by McClein, Madin and Andriese (1954) that VEV couid be
cultivated in embryonic swine tissue drew attentlion to the importance of tissue
culture in relation to this virus, The original method of cultivation of thils
virus by McClain, et al, (1954), while suitable for certain research purposes
wag not readily adaptable to the large scale production of antigenic materials,
To overcome this problem attempts were msde to produce monolayer tissue cultures
as suggested by the work of Dulbecco and Vogt (1954) and Youngner (1954). The
advantages of the monolayer tissue culture system were many and varied in
theory at least, The rapid dispersal and separation of the desired cellular
components from the connective tissue elements by enzymatic activity indicated
that much less hand labor would be involved compared to the plasme clot type of
culture. The abillty to use adult tissue rather than erbryonic wag a distinct
advantage, particularly from the standpoint of availability. If eytopathogenic
changes were produced similar to those seen in the embryonic skin then this
valuable feature of visable assay could be preserved, and lastly the monolayer
system gave promise of being & sound production system for antigenic material
for future vaccine studies on relatively homogenous cell preparations.

The majority of published work concerned the use of either monkey or chick
erbryo tissues, thus necessitating the development of a system for swine tissues.

In a previous report Madin (1954 d) described the salient features of the
method modified for the use of swine testicle and kidney cells and the early

‘results achieved with that method. Subsequently a number of changes have been made
.dn"the method thus modifying it considerably from the original, For this reason a

complete description of the current method is included.

MATERTALS

Sera: Swine serum (SS), ox serum (0S) and lamb serum (LS) gre obtained
from a local slaughterhouse, The blood of freshly killed animals is collected
in large flasks (7 to 10 liters). These flasks were stored at refrigerator
temperature until the serum separated, after which it was poured off and seitz
filtered. Flve hundred units per ml penicillin and 0.5 mg per ml streptomycin
were added at the time of bottling and each batch was sterility tested in thio~-

glycollate medium.

Phosphate buffer solution (PBS): Buffer of pH 7.5 was prepared according
t0 the formulae of Dulbecco (1954).

Trypsin solution: The trypsin solution wes prepared from Bacto Trypsin
1:250 in a concentration of 0,25 per cent by weight using FBS as a diluent,

Nutrient fluids: The nutrient flulds were of twc types: (1) a solution
consisting of commerically prepared M-199% golution plus the addition of 10 per
cent swine, ox or lamb serum and, (2) a solution consisting of so called CW
medium plus 10 per cent swine, ox or lawb sarum. The CW medium is one originally

¥ M-199 solution prepéred.by Difco Laboratories following the formulae of
Morgan, Morton and Farker (1950). -
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i designed by Dr. C. Weymouth and is as yet unpublished, the formulae currently
‘ in use being that supplied by Dr. M. Vogt. It consists of the following:

CW media
l. Sclution 1
Salt solution with dextrose

Add in order: Grams per 2 liters

| FaCl ‘ 14,0

- : KOl - | 0.4
Ca(N03 )2 4E\0 4 0,52 !
MgCl,  6H0 0.20 v
Na,HFO), 0.46

. KE PO, 0.20

NaHCO, .18 ‘
Dextrose 9.60

2. Solution 2 !

Hypoxanthine 0.050

' v Glutamine 0.100

*3, Soluticn 5

i

1 - Lysine 0.160 3

1 - Methionine 0.050 g

" 1 - Threonine 0.075 f

1 - Valine 0.100 |
: 1l - Arginine HCl 0.075
? 1 -~ Histidine HC1l 0.075
1 ~ Proline 0.050
Glycine 0.200

' * Amino acid solutions should be warmed to aid solutlon.

« o e
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Grams per 2 liters

1 - Isoleucine 0.050
Phenyl ~l~alanine 0.050
1 - ILeucine 0.050
1 ~ Tryptophane 0.0k0
1l -~ Glutamic acid 0.150
1 - Aspartic acid 0.060
) ~ Tyrosine 0.080
1 - Cystine 0.015
Phenol red : 0.025

L, vVitsmins

Thiamine HC1 0.010
Riboflavin 0,001
Pyradoxin 0.001
*¥Folic acid 0.0002
*Blotin . 0.0002

5. Add antibioticas {penicillin, 1000 units per ml; streptcmycin
sulfate, 0.5 mg per ml)

6. Complete 2 liters
7. Flush with 002 to bring to proper pH
8. 8Sterilize with Selas filters.

In those instances, where the media has stood for considerable periods of
time, fresh penicillin is added just prior to use.

Glassware. All glassware 1g washed as follows:

Glassware 1is soaked in 0.1 per cent Duponal C solution for a minimum
of 1 hour and then cleansed by vigorous brushing. It is rinsed and boiled
for 1 hour in tap water, rinsed 3 timea in distilled water, and 3 times in
deionized water. - Sterilization isg by hot alr oven.

*¥ ﬁﬁstable, make in larger quantities, a dilution of 1:1000
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It is important to note that one of the most Important features of clean
glassuare 1s the menner in which the used glassware is handled prior to washing.
In this laboratory all glasswsre ig discerded in deep pans contalning 0.1 per cent
Duponal C solution, or where this is not feasible, such as with erlenmeyer flasks,
they are individually filled with the solution, Great care is taken to insure that
no alr is trapped in submerged glassware which tends to leave rings of dried
materisl, which may ultimately be difficult to wash clean. Where infectious
material 1s present such pans containing the glassware in the Duponal C solution
are autoclaved and it has been found that this acts as a partiasl cleansing.

METHODS

Adult swine kidneys. Kidneys are removed from apparently normasl 3 to 6
month o0ld swine at the slaughterhouse with the cepsule intact and transported
to the laboratory as quickly as possible. The capsule is seared and removed
with the ald of sterile forceps and selsscrs., A portion of the cortical area
is removed (10-25 grams) and minced with t!ie aid of 2 Bard Parker #11
scalpel blades into 2 to 3 mm pieces., Ths minced cortical tissue is then
washed in PBS to remove excess blood. '

To 25 grams of tissue in a 250 ml erlenmeyer flask is added 50 ml of
trypsin heated to 40 C. A single extraction process is carried out by stirring
the kidney~trypsin mlxture on a magnetic stirrer for 10 minutes at 100 rpm. The
cell suspension thus extracted from the minced kidney tissue is centrifuged for
2 minutes at 600 to 1000 rpm. The supernatent fluid is discarded, the packed
cells are washed once in PBS and recentrifuged. The packed cells are then
resuspended in 10 mi of nutrient fluid end are maintained at ice bath temperature.
Fresh trypsin solution is again added to the tissue fragments remaining in the'
erlemmeyer flask, the extraction process repested, and the tubule suspension
collected as noted above until the desired volume of cells has been obtained or
until the tlssus 1s exhausted. In sach case the first 3 extractions are discarded
entirely, and only the packed cells from succeeding extractlions are collected
in the nutrient fluld. When sufficient tubules have been collected they are re=-
centrifuged for 2 minutes at 600 to 100U rpm. The packed cells are then re-
suspended in nutrient fluid such that a 1-10 dilution is obtained and thoroughly
but gently mixed with a pipette until evenly dispsrsed. Additional nutrient
fluld is then added to make a dilution of 1-2C0,

The cells are dispensed with the aid of a Cornwell syringe. As an aid
to maintaining a homogenous cell suspension the flask containing the cells is
mounted on a magnetic stirrer which causes the fluid to gently rotate, thus
preventing settling or clumping during dispensing. A total of 2 ml of culture
suspension is used for a standard culture tube (150 mm x 15 mm), 10 ml for a
standard bottle (milk dilution bottle) and 70 ml for = Blake bottle., Black
rubber stoppers sre used for closure. Incubation is carried ocut without motion
at 37 to 39 C, the bottles being lald flat in the trays, while the tubes are
inclined at a slight angle. Cultures are usually left undisturbed for 48 hours,
after which time they may be examined macroscopleally for changes in pH, and
microscopically under low power (100x) for evidence of cell growth. The old
nutrient is discarded and replaced by fresh after 48 hours and again as needed
or at about 5 days. When adequate cell growth has occurred (7 to 12 days) the
individuai cultures are ready for use.
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Adult swine testiclz. Testicles are obtained from young adult animals
at slaughter and processed in a mammer similar to that described for the kidmey
tissue., The followling exceptions are noted. Usually all of the extractions
are kept if the testicle tissue locks "good", and the number of extractions
needed is less than for the kidmey. The old nutrient fluids are discarded
after 24 to 48 hours of inocubation and fresh flulds added. The fluid is again
changed Just prior to use usually at T2 to Y6 hours after planting.

RESULTS AND DISCUSSION

In previous report Madza (1954d) had indicated that the growth of swine
kidney was satisfactory sbout 60 per cent of the time and swine testicle 75
per cent. It was noted then that attempts were being made to individually
differentiate those organs (kidney or testicle) which were most likely to
produce a satisfactory tissue culture. It is believed that certain physical
characteristics of the individual kidney and/or testicle provide a clue to
its tissue culture potentiaslities. The most striking of these in regard to
the kidney is the condition of the parenchyms of the organ. Those kidneys
whose parenchyma is friable and loose and in no way fibrous or dense make the
best prospects, since in the presgence of trypsin the friable tissues separate
‘easily, while with the more fibrous or dense tissues the epithelial cells tend
to rupture.

. In the case of the testlcle a number of closely related physical
characteristics appear to have bearing on the growth possibilities: The most
striking characteristic is the color and certain accessory features which appear
to accompany a particular color. It has been noted that testicles from very
young animals have a yellcwish hue, and that the cells extracted from such
testicles are devold of ¢il droplets located within the cells, The testicle
from older animals are definitely brown in color, snd considerably more
fibrous in consistency. The cut surface oozes a slightly viscous cream _
colored fluid containing enormous numbers of sperm cells. The cells extracted
from these are also devold of oil droplets in their cytoplasm. Between these two
extremes is a group of testicles whose color is a reddish brown, the extrdcted
cells of vhich contaln numerous oll droplets within the cytoplasm and very few
or no adult spermetazos. These latter testicles are the only ones which yleld
¢ells which produce consistently good growth. Currently, by selecting either
kidneys or testicles on the above basgis the percentage producing good growth
hes risen to about 90 per cent for both the kidney and testicle.

It may be of interest tc note that the maJjority of both kidney and
‘testicle cultures are mixed cell types, The kidney cultures are composed
mostly of tubular epithelium with a8 few scattered fibroblasts, These latter
cells are usually more prominent in the first few days of the culture and
tend to be "crowded out” by the growth of the tubular epithelium so that by
the time the growth 1s ready for virus inoculation a confluent growth ot
tubular epithellium is avalleble. The testicle culture asppears to consist
principally of sertoli or interstitial cells and a few fiorcblastic elements,
In contrast to the kidney however, the longer the culture is held the more
Tibroblagtic elements begin to appear so that the culture soon loses its
characteristic testicular appearance. Photomicrogrephs of the cellular elements
with detailled descriptions will be supplied in & subsequent report.
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_The problem of a ccmpletely asdequate nutrient medium is still unsolved.
The use of ths commercilally availsble 199 medium still requires the addition
of 10 per cent serum, is expensive, and requires frequent changes, although
satlisfactory growth 1s usually obualnaed. The use of the so-called CW media with
10 per cent serum has so far been satisfactory with both kidney and testlcle
cells, and possesses the advantage of simplicity coupled with considerable
aconamy. Currently both are being used and egqually good growth is being
obtained. N

The use of sera other than homologous has been attempted and with
considerable success. Comparison of swine, ox and lamb gerum on the growth
of either testlcle or kidney tissues indicates that lamb serum produces the
most exuberant growth in the shortest time, followed by ox and swine serum
in that order. These tests while empirical have been so convineing that 10
per cent lamb serum 1s now used routinely with both nutrient media.

The problems of growth in a wide variety of containers has as yet not
been adequately solved. Growth 1s adequate and in most instances luxuriant on

- Blake and milk dilution bottles snd in test tubes in from 7 to 12 days with the

kidney, and from 24 to 72 hours with the testicle. In petri plates, however,
growth is still unrelisble on any scale. The problem is not so much the actual
lack of growth of cells as it 1s their inability to cover the plate with any
degree of consistency. The reason for this is unknown.

Attempts have been made to ocultivate other tissues both of swine and other
domestic animals. Adult swine lung, spleen and liver have been grown using the
routine techniques. Ox kidney and testicle and lamb kidney and testicle have
also been grown and appear to present no difficulties., In addition a wide
variety of embryonic tissues have been cultivated.

At present the status of the production of adult swine xidney and testicle
tissue culture material per se 1s sufficiently advanced and on a reproducible
enough basis to warrant it.s use as a routine laboratory tool. Certain aspects
of the tissue culture work such as the growth of monolayer films on petri plates
are not controlled as yet but this together with the search for improved methods
and media are being continued.
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Part III THE BEFAVIOR OF VESICULAR EXANTHEMA VIRUS IN TTSSUE CULTURE

The fundemental objeciives from the applied viewpoint wherein the
propagation of VEV in tlissue culture is important is the production of anti-
genic material on a scesle sufficlert Jor vaccine purposes. In addition the
ability to titrate such antigenic material for infectivity is equally important
and the preliminary studies on the behavior of VEV in tigsus culture have been
directed towerd these two objectlves,

The salient characteristics of the cytopathogenic cha ﬁradu\.ed by
VEV in tissue culture have been described by MeClain et al .nﬁ95 ) and

Madin (1954d). These consist of a rounding of the cytoplasm of the tissue
culture cells which eventually leads ‘to death of the cell and its lysis from
the glass surfacs.

The k.powledge that VEV could be cultivated in vitro then focussed

'a'ttention on the need for a type of tissue culture which would meet as many

of the following criteria as possible:

_ It should support the growth of the virus wilth a sufflelently high
titer to be of practical value in the productivn of antigenic materisl.

The tissue sourne for the cultures should be readily available and
if obtained from a slaughterhouse it should be a tissue of low economic
worth on the consumer market.

The tissue sbould be from adult animals rather than from embryos.
The -availabllity of embryonic material is variasble depending on the season
of the year and in the case of packing houses directly dependent on the
volume of animals belng sleughtered. In addition embryos require consgiderably
more hand labor to process. Embryos possess the distinct adventage, however,

‘of being easier to propagate.

The tissue should preferably be an encapsulated organ to aid in
minimizing contamination., The cells should be readily available from the
organ and should have a long survival time. Once extracted and "planted"
the cells should grow to a usable condition in a reasonable length of time.

Aside from the matter of titer which is discussed in detail later in
this paper, both of the tissues chosen appear to fulfill the criteris mentioned.

This section of the report describes the work with the first 10 paseages

of 3 strains of VEV in both adult swine testicle and kidney.

MATERTALS AND METHODS
Propegation of VEV in swine testicle..
Virus. The A strain of virus was derived from a pool of "A" type
gvine virus dated 2-X-53. The B strain was derived from the 6th swine

erbryonic tissue culture passage. The C strain was hog virus from a pool of
C strain dated 5 August 195k,
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Tissue cultures. The testicle cultures were either Blake or milk dllution
bottle oultures with luxuriant growth.

Passage method. The orlginal seed virus was diluted 1-10 in the nutrlent
fluid and 0.1 ml of this Jdiluted materisl was inoculated into serles of milk
dilutlon bottles containing tissue culture and 9.9 ml of nutrient fluid., This
dilution of a 0.1 ml quantity to each 9.9 ml of nutrient fluild in the bottle was
consistent throughout, with the exception of € strain virus wherein undiluted
seed virus was used to initlete the first tissus culture serles; thus mseking
the first passage a 1~10 dilution insteed of a 1~100.

Following inoculation each passsge was allowed to incubate at 37 C until
clear cut cybtopathogenic chenges were present. The entire virus yleld was
harvested only when the cell population had been destroyed and released from
the glass surface, usuelly 24 to 40 hours post inoculation. Each passage was
distributed in 10 ml vaccine bottles and stored at -17 F.

It is of interest to note that while the first 2 passages on testlicle took
approximately 40 hours for totel cellular destruction, the next 8 averaged 24
hours and-in some cases changes could be seen ams early g8 10 hours post inoculation.

The tenth passages of strains "A" and "B" represented a dilution of the original

virus conteining materiel of 1 x 10719 . The "G" strain of virus represented a
dilution of & single exponent less or 1 x 10-18

The propagation of VEV in swine kidney.

Yirus. The "A", "B® gnd "C" strains were derived from swine virus dated
2~X~53, 13-VII-54 and 5-VIII-54, respectively.

Tissue cultures. The kidney tissue cultures were either Blake or milk
dilution bottle cultures with confluent growth.

Passage method. The "A"™ strain passage was begun using a 1-100 dilution
of swine virus and passaging 0.1 ml of this into 9.9 ml of diluent. This pro-
cedure of a 1-100 dilution was carried out each time meking the tenth passage a
dilution of 1 x 107, The "B" gnd "C" strains were initiated with a 1-10
dilution and thereafter carried out with the standard 1-100 dilution making
the tenth passage a dilution of 1 x 107%2, The tenth passages of both A and B
strains were harvested from the same tissue culture batch while C was harvested
from the succeeding culture.

The infectivity of VEV in tissue culture

Infectivity tests were carried out on normal and immune kidney and testicle

tissue cultures. In the case of testicle produced virus titrations were also
mede in swine. - R

Virug. The virus used in each case represented an aliquoit of the tenth
passage of elther testicle or kidney material of stralns "A", "B¥ and "C". Frozen
samples held at ~17 F were thawed out at room temperature, and unless otherwise
noted, only a single freeze-~thawing cycle wr . used,
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Tissue culture titrations. Titrations were performed in tubes (150 mm x 15mm)
of kidney and/or testicle tissue. Tubes of kidney tissue were usually & to 10
days of age, while tubes of testicle tissue ranged from 3 to 5 days at the time
of inoouletion. Dilutions of virus were made in the nutrient fluld such thst
sach 2 ml quantity of mutrient per tube contained the desired virus diluticn.
Unless othexwise noted 10 tubes per dilution were routinely used. All tubes
were incubated et 37 C and exumined for evidence of cytopathogenic changes
at 24, 48 and 72 hours after inoculation, at which time the titration was
-arbitrarily ended. TCj endpoints were calculated by the method of Reed and
Muench (1938). .

Swine titrations. Titrations were performed in swine for manifold
‘purposes: )

to obtain some idea of the titer of the virus in swine and therefore
direct evidence of the multiplication of the virus in tissue culture; to test the
antigenic identity of the 3 strains being propagated in tissue culture; to pre-
pare immune sera against the strains and to obtain immune kidney and testicle
tissue for tissue culture titratlons.

A totel of 9 swine test pig (TP) numbers 306, 7, 8, 10, 11, 12, 13, 14 and 15
were equally divided among pens 1, 2 and 3. All animals were then inoculated with
0.75 to 1.0 ml of *IOASTlgeintradermally into the snout and u per 1lip or intra=-
venougly. In pen #3 a 107° dilution was used, in pen #2 a lOE and in pen #1
a 107<, ,

Eighteen days later these same animals plus one additional control pig
per pen (TP# 316,317,318)were challenged with 0.75 ml of a 1-10 dilution of
known ¥A® type swine virus.

Following an interval of eightesn days these seme animals plus an edditional
contrcl animal per pen (TP #319, 320, 321) were inocu%ated as previously described
with 010BST10. The animals_in pen #3 were given a 10~° dilution, those in pen #2
a 107 and in pen #1 a 107, Certain of the aniBals in pen #1 (TF # 314, 318)
which did not respond within 72 hours to the 107< dilution were reinoculated
with 0.75'ml intradermally or intravenously with undiluted 1O0BST10, In addition
one more animal, TP #322 was used as a control for the 100 dilution.

Eighteen days later all animals plus an additionsl control. animel per pen
(TP #323, 327, 325) were challenged with a 1-20 dilution of B type swine virus.

Again after an intervel of 30 days these same animals plus ons additional
control per pen (TP #326, 327, 328) were given +100ST10 In pen #3 animals were
inoculated with a 1074 dilution, in pen #2 with a 107< and in pen #1 with un-
diluted virus.

Each animal was bled approximately 30 days after the last inoculation of
C virus for at least 50 ml while certain ones donated 3 to 4 liters. Virus
was hervested whenever possible.

*¥L0AST10 = 10th passage of "A" strain VEV on swine testicle.
Q10BST10 = 10th passage of "B" atrain VEV on swine testicls.
+10CST10 = 10th passage of "C" strain VEV on swine testicle.
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RESULTS

a) ZTissue gulture. Thevresults of the first titration of.strhin8~ﬁi';vﬁa!_‘ n

and "C" in tissue culture ars shown in tablss 4 and 5. These data must be

considered as being of a praliminary nature since time has as yet not'perhittéd e

the retitration of the tenth passags nor subsequan® titrations of other :
passages. ' : :

virus in swine are shown in table 6.
DISCUSSION

The results of infectivity titers cbiained in tissue culture indicate
that there 1s a considerable difference In tha ability of the various stralns
to multiply in %tissue sulturs., Thus strain "AW gives a consistently higher
titer than either ®B® or "C® when culiivataed on testicle and both "A® and *B®
are higher than "C® when culiivated on kidnsy. In addition the titer is much
“ higher when comparisons are mads of' virus cultivated in kidney versus testicle.
These two observations lesd %o -tho assumpitlons that there may be actual straln
differences bstwesn "A", ®B® ard "C® gnd that kidney is a better milieu in which
40 produce VEV than testizia., If one now examines the comparative infectivity
titrations made oun kidnsy versus +testicls where the tissue culture origin of -
the virus ls identicsl, one finde that the titers are of an equal magnitude.
~ This latter points to similar susceptability of both typses of tissue to VEV.
The differcnce in titers sesr with virus produced on testicle versus those
on kidney may be a matter of diifering cell populations; and not one of tissue
susceptability. I% has been noticed for exumple, that testicle tissue tends -
to grow in long horizontal strands whereas kidnsy grows in a confluent mat.
This mesas that psr unit arss there are many mor: kidney cells than testlcle .
and therefore rore ceils %o produca virus, In part some of the differences
between the titers of the different strazins may-alse te explained on a similar

basis, For example, both tsuth passagss of "A" and "B® strain kidney virus were

produced in tissue from the same kldney lot (49) whils "C" strain was produced
from the next lot (50). It is possibls that these two lots were not similar
in cell population and this may accaunt for the differences in titer. Similarly
the tenth testicle passags of “A¥ strain was produced con one lot of. testicle (13)
while the "B" and "C" rirains wers produced on another lot (14). An examination
of the titers cf strains “A", "B® gnd "C" produced on testicle show strain AW
to have a higher titer then sithsr strain "B" or "C".,

It thus becomss épparent tha* whsre possible the same lots of tissue culture

should be used to producs s given passage of the sirains and these titrations
compared before straln differencss are ussd as an excuse for differences in
tiver. ' ‘

As a part of the problem of tha propagatien of thsse viruses in tissue
culture, the question arose as tc what would happen if -a kidney or testicle:
from an animal immuné to VEV were used as u tlssue sulture source. To
answer this tne kidneys and testicles from an WAW, "BW ynd "C" type immune
animal were removed and usad ae a tissus culture source. The immune testicle
failed to grow but the resulis on immuns kidney indiceted no significant’
differences betwesn normsl and immine kidnsy.  The comparison will be repeated
as immine tissues are made available. i

=, Best Available Copy

'b) Sulpe. The results of the first titration of the tenth passage testiele




Regardless of the variatlons noted above it is of primary importance to
recognize that profitable titers are belng obtained in tissue culture, and that
within the limited scope so far attempted they are reproducible. Thus, for the
first time a laboratory host is available for VEV.

The results of the titretions in swine of atrains‘%ﬁ"E"and'b"producad
in testicle are unfortunately not as clear cut as those in tissue culture.
There appears to be no question but that VEV propagated through 10 passages
in tlssue culture retainsd its viability and virulence for swine, and produced
cliniecslly typlcal vesicular.,exanthema. S}iainqh"apparently possesses an infec-
tivity titer o§4§t least 10 © but below 10 ™, since the swine inoculated with a
dilution of 10 ™ did not show clinical vesioular exanthema, and were not immune
on aubaequenﬁ nhallenge with swine virus 18 days latex) while those inocoulated
with the 107 dilution responded with,clinical vesicular exahthema and were immune
to_ghallenge . Thus, the titer of 10 ™ should be compared to one of approximately
10 7 in tissue culture which indicates an approximete 3 log difference in infec=
tivity between tissue oulture and definitive host.

The results of the titration and challenge with the "B" strain were not as
clear cut as those with "A" strain. The titer of the"Blvirus was lower inasmuch
as it appeared to lie between 10 _jand 10 ™. The tissue culture titer for this
same virus sppears to be about 10 °, again representing a three log difference
between tissue culture titer and swine titer. Challenge of these "B" type swine
18 days later with a 1:20 dilution of live swine virus resulted in all but one
of the animals showing frank vesicular exanthema. The reason for this is not
complggely cjear. The fact that those animals previously inoculated with dilutions
of 10 7, 10 7 and 10 = should respond to a strong challenge virus is not sur-
prising, since the tidsue_culture titer would indicate that very little virus
wagopresent even in a 10 = dilution. However, those swine inoculated with the
10 7 dilution who actually responded with clinical vesicular exanthema wers
expected to be immune when challenged 18 days later with live swine virus. Why
they were not is not clearly understood. Two possible oxplanations are advanced,
The first is that the time span between infection with tissue culture virus and
challenge with hog virus was too short for the development of clear-cut immunity
and this coupled with a very high titer challenge virus simply overwhelmed what-
ever degree of immnity hed been bullt up. The second is that some antigenic
change had occurred with the tissue culture virus such that it was not capable
of fully immunizing against the challenge virus. These sreculations do little
but indicate that further information is needed. The one fact obtained from
this experiment was that the "B" virus was antigenically Jdistinet from the “AW,

The third series of inocculations concerned the "C" strain virus. The results
were unexpected and are not understood. In the highest dilution used, 104, 5 2
of 7 animals responded with frank vesicular exanthema. In the next dilution, 10~
none of the animals responded and in the O dilution 2 of 8 had the,diseases. Since
the tissue culture titer of this vifus ranged between 1072 and 10™* the swine virus
titer might be considered to be 10" at the highest if the corallary with strains’a”
and"Bof a 3 log difference betwean tissue culture and swine were to hold. Three
possible explanations have occurred to the writer, The first is the obvious ons,
that the dilutions were mixed. This is believed to be out of the gquestion since
the 104 and 10™% dilutions were inoculated on one day and the 107~ was known to be
Inoculated on the following day. Thug it is believed that no possible technical
error in the dilution saries can account for the resulis.
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A second possibility is that the virus wes spread from pen #1 where the
disease appearsd 48 hours after inooculation to pen # 3 by man where it did not
. appear until 7 days after the inoculation of the 1074 dilution. That it did not
appear in the pen #2 might be considered chance or the bars possibility that the
amount of virus inooculated in pen #2 had been sufficient to partially immunize
these animals against the challenge presented by the operators. This theory again
18 difficult to substantlate. It 1s the practice in this laboratory to begin work
in the zen oonteining the greatest virus dilution first. Thus pen #3 containing
the 10™4 dilution was examined first and pen #1 containing the 1070 dilution last.
. Following each day's work all suits and gloves worn by operators are scaked in
2 per cent NaOH and subsequently thoroughly washed with hot water and hung to dry
for the next day's work. It is hardly conceivable that virus ocould be carried from
pen to pen. If carry over of this type were possible then certainly the virus shovld
have been carrled from pen #3 to.pen #2. The ‘third possibility is that these results
. represent a cese of interference.

To incresse the perplexity of the problesm with the ‘C'strain five normal
swine TP§#329, 30, 31, 32 and 33 were given 0.75 ml of the virus either intra-
- dermally or intravenously and cne animel was left as a oontasct exposure. The,

. . virus used was undiluted, first kidney passage of "C"strain. The results were
inoconclusive, One of the three animals inoculated via the intradermal route
responded with olinical vesicular exanthema, the third showed no deviation

| from normsl, The single animal inoculated vis the intravenous route had clear

cut vesicular exanthema as did the lone contact animal., These negative responses

| may represent occult cases such as Mott, Patterson, Songer and Hopkins *(1953) have

" deseribed.

Thus the resulis in swine with three strains of virus produced on testicle
show that: (1) the three strains of the virus were passaged through 10
passages and (2) the"s" "B"analC”strains derived from these tenth passages
' . are apparently antigenic entities. .

SUMMARY

The aggregate of the results obteined to date clearly indicate that tissue
.oulture is a method of producing infective virus and one permitting the sub-
sequent titration of that virus in a host other than swine. It is bellieved
that this aystem will be adequate to produce the required prophylactic agents
and opens an entirely new field for the characterization of the fundsmental
properties of the veslcular viruses,
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TABLE 1

Incidence of vesicular exanthema in California for ‘hs period

14

1932 to 1952, showlng numbsr and type of infected premises#

Numbe} of outbreaks according %o | Number Total Per cent
the types nf oremises swine swine total
involved in state swine
Year Garbage Grain Slaughter infected
feeding feeding houss

1932 5 0 0 18,747 672,000 3
1933 3 0 0 5,533 706,000 0.7
19234 31 0 ) 95,917 660, 000 14.4
1935 4 0 0 10,100 530,000 2,0
1936 14 0 0 13,625 610, 000V 3.1

1937 0 0 0 732,000 0

1938 0 0 0 820,000 0
1939 15 0 0 32,000 763,000 0.4
1940 161 7 1 277,250 885,000 31.3
1941 155 15 0 160,104 876,000 18.0
1942 15 0 0 84,300 894,000 0.9
1943 122 3 14 288,355 1,019,000 28.0
1944 154 7 10 429,876 1,060,000 41.5
1945 58 U 2 127,620 763,000 16.7
1946 52 0 1 108,732 717,000 15.2
1947 129 10 4 212,535 66/.,000 32.0
1948 25 0 0 81,4 566 641,000 13.0
1949 101 0 3 199,875 671,000 25.8
1950 169 6 9 272,222 687,000 39,7
1951 53 1 4 82,442 653,000 12.4
1952 105 4 107 224,976 610,000 37.0
Totals | 1,371 53 156 2,739,275 12,418,000 o

* There are approximately 20,000 premises on which hogs are raised in
California, Four hundred of fhese are garbage fseding and have a hog
population of about 230,000/annum, the remaining 19,600 are grain feeding.
Modified from Duckworth (1953).
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TABLE 3

Status of state leglslation as of August 1953

requiring the cooklng of garbuge before being fed to hogs +

States with
legisiation

States with
regulations

Legislation
defeatad

No action

Al abama
Arizona
Connecticut
Florida
Georgla
Idaho

Coloradn
Kentucky
Maryland
Misgissippi
Nevada
Virginia

Illinois
Indiana

Iowa

Kansas
Louisiana
Maine
Massschusetts
Michigen
Minnasota
Miggourd
Montana
Nebraska

New Hampshire
New York
North Carolina
Ohio

Okl ahoma
Pennsylvania
South Carclina
South Dakots
Tennessee
Texas

Utah
Washington
West Virginia
Wisconsin
Wyoming

California ¢
New Jersey

Nev Mexlico #
North Dekote
Rhode Island

Arkansass
Delaware
Vermont

D T e

+ BScurce —— Modified from Veterinary Public Health Communicable Disease Center
¢ Ceslifornia will not accept hogs for slaughtar fed on raw garbage since 1954

* New Mexico recommends no garbage feeding
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TABLE b

Infectivity titers of the tenth passage of VEV produced in testicle

tigsue cultures with cross titrations in normal and immune

kidney and testicles

Results of infeetlvity titer on

Virus Cultivated| Dilution |jNormal|TC 50 Immune Tcﬁo Testicle 'm)_o
type on inocculated|kidney kidney .
10-1 *ND 1) 10/10
-2 ND 5/5 10/10
-3 ND 5/5 10/10 ,
A testicle -l 10/10 | 5.60| 3/5 4.60]| 10/10 > 5,00
-5 6/10 | o/5 8/10
-6 1/10 0/5
=7 0/10
-8 0/10
10-1 ND 10/10 10/10
- 10/10 8/10 10/10
-3 4/10 1/10 10/10
B testicle b 0/10 o/10 | 2.50] 2/10 2.%0
-5 o/10 | 2.67| 9/10 0/10 :
-6 0/10
10-1 10/10 L/5
-2 10/10 1/5 10/10
-3 6/10 0/5 10/10
-4 0/10 0/5 2.62] 8/10
c testicle - -5 0/10 | 3.17| ©/5 1/10 L.y
-6 0/10 "
-7 0/10
* ND = Not done
33



TABLE 5

Infectivity titers of the tenth passage Of VEV produced in kidney
tissue cultures with cross titrations in normal and immune

kidney and testicle

Results of infectivity titer on
Virng | Cultivated [Dilution | Normal féso Trmmine TCSO sticle | t¢ .
type on |inpeulated | kidney kidney - 20
10-1 #ND ND
-2 XD ND
-3 ND KD
A xidney -4 10/10 | 7.0 | T/T 6.57 | 20710 T4
-5 10/10 /| 10/10
-6 10/10 /7 10/10
-7 5/10 /7 7/10
-8 0/10 /7 fa..
10-1 1)) ND
-2 §D 1))
-3 ND "D . .
B kidney <l 10/10 | 6.62| T/T 6.517 10/10 - 7.5
-5 10/10 /7 10/10
-6 10/10 6/7 10/10
-7 2/10 147 8/10,
-8 0/10 0/7 2/16
10-1 RD - ND
- RD 1))
- .ND ) .
c kidney -E 10/10 | 5.0 297 5.40 { 10/20 4.8
-5 4/10 5/1 3/10
-6 2/10 2/7 1/10
-7 0/10 0/7 0/20
-8 0/10 o/7 0/10
#§D = Not done
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Figure 1.

Outbreaks of vesiocular exanthema in Callifornia 1932 to 1952,
(by counties)

(NP57~1191)
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Figurs 2. Number of vesicular exanthema infected-exposed swine during

national outbreak,

(NP57-1189)
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Figure 3.

Characteristic temperature curve following intradermal
inoculation of swine with vesicular exanthema virus.

(NP57-1190)
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Figure 4. Normal swine snout expithelium (Giemsa, 100 x).
(NP57-1184)
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Figure 5. Vesicular exanthema infected swine snout epithelium {Giemsa, 100 x).
(NP57-1185) :
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Figure 6. Normal swine snout epithelium (Giemsa, 1000 x).
(NP57-1187)
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Flgure 7.

Vesioular exanthema infected swine snout epithelium (Giemsa, 1000 x).

(MP57-1186)
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